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Corneodesmosin (CDSN), a glycoprotein expressed during the late stages of epidermal differentiation, localizes in
the extracellular core of upper desmosomes and of corneodesmosomes. Since it displays homophilic adhesive
properties, CDSN is thought to reinforce cell–cell cohesion within the upper layers of the epidermis. CDSN presents
two serine- and glycine-rich domains in its N- and C-terminus that may fold into highly ﬂexible and adhesive
secondary structures called glycine loops. We analyzed the importance of these domains in CDSN homophilic
adhesion by producing full-length and truncated recombinant forms of the protein deleted of the N- and/or the
C-terminal domain. The adhesive properties of the various proteins were then tested in vitro by overlay binding
assays and surface plasmon resonance quantitative analysis. Experiments evidenced the homophilic adhesive
properties of the N-terminal glycine loop domain, conﬁrming its involvement in CDSN–CDSN interactions. They
further indicated that most of the C-terminal domain is not necessary for the adhesive properties of the protein. The
dissociation constant (KD) was calculated to be 1.3  105 M. This interaction strength might allow dynamic
regulation of the CDSN–CDSN association to occur in vivo. Moreover, molecular ﬁltration analyses demonstrated
for the ﬁrst time that non-glycosylated CDSN is able to spontaneously form large homo-oligomers in vitro and that
the N-terminal glycine loop domain is necessary for the formation of these macromolecular complexes.
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The human epidermis is a self-renewing stratified epithelium
essential for organism defense. The epidermal protective
barrier results from metabolic and structural modifications of
keratinocytes occurring during their differentiation, from the
basal to the upper layers. During this complex program
ending in cell death, keratinocytes are transformed into
corneocytes: the cytoplasm becomes a cytokeratin-rich
fibrous matrix and the plasma membrane is substituted for
a strong and water-insoluble cornified envelope (Haftek
et al, 1991; Holbrook, 1994; Roop, 1995; Steinert, 2000). At
the epidermal surface, the corneocytes constitute the stratum
corneum, the highly resistant layer providing vital protection.
In the epidermis, like in other epithelial tissues that
experience mechanical stress, intercellular cohesion is
mediated by desmosomes. These junctional structures are
composed of an extracellular core, and two intracellular
plaques that allow anchoring of the cytokeratin filaments to
the membrane, forming a resilient supracellular network
required for tissue integrity (Simon and Serre, 1995; Burdett,
1998). Cell–cell adhesion is mediated through the extra-
cellular domain, by the transmembrane desmosomal cadher-
ins (Kowalczyk et al, 1999; Green and Gaudry, 2000; Ishii and
Green, 2001; Garrod et al, 2002). In the late stages of the
epidermal differentiation program, structural rearrangements
transform desmosomes into corneodesmosomes. The pla-
ques are included in the cornified envelope, and the density
of the core increases, as observed by electron microscopy
(Skerrow et al, 1989; Serre et al, 1991; Lundstro¨m et al, 1994).
Corneodesmosin (CDSN) is a 52–56 kDa glycoprotein
mainly expressed in cornified squamous epithelia. Synthe-
sized by keratinocytes in the upper spinous and lower
granular layers, CDSN is secreted and incorporated into
desmosomes just before their transformation into corneo-
desmosomes (Haftek et al, 1991; Serre et al, 1991; Simon
et al, 1997; Guerrin et al, 1998). Its presence in the
extracellular core of the corneodesmosomes suggests that
the protein plays a major role in reinforcing cell adhesion in
the stratum corneum. Supporting this hypothesis was the
demonstration that CDSN displays homophilic adhesive
properties (Jonca et al, 2002). The characteristic of CDSN
composition is that serine and glycine constitute almost half
of its amino acids. In particular, one domain of the protein,
from amino acid 60 to 171, shows tandem repetition of
serine- and/or glycine-rich sequences separated by aro-
matic or aliphatic residues (Guerrin et al, 1998). According
to a structural model proposed by Peter Steinert and his
collaborators, these are likely to associate and force the
intervening serine and glycine residues to fold up into highly
flexible structures called ‘‘glycine loops’’. Mediating inter-
Abbreviations: CDSN, corneodesmosin; GST, glutathione S-trans-
ferase; MoAb, monoclonal antibody; PAGE, polyacrylamide gel
electrophoresis
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actions with each other, the loops are thought to confer
adhesive properties to the proteins (Steinert et al, 1991). In
the epidermis, besides CDSN, glycine loop structures have
been identified in cytokeratins and in loricrin, one of the
major constitutive proteins of the cornified envelope. The
loops could mediate molecular interactions essential for
skin homeostasis since their mutations in cytokeratins and
loricrin lead, in man, to various cutaneous diseases, e.g.,
ichthyosis hystrix or palmoplantar keratoderma (Maestrini
et al, 1996; Terrinoni et al, 2000; Sprecher et al, 2001;
Whittock et al, 2002).
Using protein–protein interaction assays on membranes,
we previously demonstrated that not only the entire CDSN
molecules but also the N-terminal glycine loop domains
alone actually display homophilic interactions (Jonca et al,
2002). However, when this domain was deleted from the
entire protein, interactions were only reduced but not
completely abolished. This suggested that another region
of CDSN also imparts adhesive properties.
In the present study, the adhesive characteristics of full-
length and truncated recombinant CDSN forms deleted of
the N-terminal glycine loop domain and/or the C-terminus
were tested in vitro by overlay binding assays, surface
plasmon resonance, and molecular filtration chromato-
graphy.
Results and Discussion
The N-terminal glycine loop domain is essential for,
whereas a putative C-terminal glycine loop domain
weakly contributes to, the adhesive properties of
CDSN In the CDSN amino-acid sequence, outside the
N-terminal glycine loop domain, another part of the
molecule, from amino acid 375 to 476, is highly serine-
and glycine-rich, these two amino acids representing more
than 50% of the residues (Fig 1a, b), with interspaced
hydrophobic residues. Therefore, this domain may also fold
into glycine loops and contribute to the homophilic inter-
actions of CDSN, even if it does not perfectly fulfil one of the
criteria proposed earlier (Steinert et al, 1991), i.e., there are
not two consecutive hypothetical glycine loops formed on
association of aromatic residues.
To characterize the relative contribution of the two
hypothetical glycine loop domains in CDSN adhesive
properties using macromolecular interaction assays, var-
ious recombinant CDSN forms fused to GST were produced
in E. coli (Fig 1c). The GST–CDSND33 protein corresponded
to the full-length CDSN lacking the only signal peptide.
The GST–CDSND61–171, GST–CDSNDCOOH and GST–
CDSND(61–171/COOH) proteins lacked the N-terminal
glycine loop domain, most of the C-terminal glycine loop
domain (except the 14 most N-terminal residues) or both,
respectively. The GST–CDSN60–171 protein contained
only the N-terminal glycine loop domain. The recombinant
proteins were purified by affinity chromatography using
glutathione sepharose 4B and immunodetected by an anti-
GST antibody (Fig 1d ). Several peptides were co-purified
with the expected entire CDSN–GST fusion proteins. These
peptides were immunodetected by anti-GST or anti-CDSN
antibodies (data not shown) and therefore correspond to
recombinant protein fragments. Despite the careful use of
Figure 1
Glycine and serine composition of CDSN
domains, and production of full-length and
truncated CDSN recombinant forms. (a) Serine
(SER) and glycine (GLY) composition (in % of total
amino-acids) of CDSN domains. Numbers indicate
the amino-acid positions of each domain from the
N-terminus (according to GenBank accession
number AF030130). Note the high content of these
residues in two CDSN domains (60–171 and 375–
476) compared to the rest of the molecule. (b)
Amino-acid sequence of the two glycine- and
serine-rich domains of CDSN, from amino acids 60
to 171 and from amino-acids 375 to 476. Serine
and glycine could adopt a loop conformation
consolidated by the aromatic and aliphatic resi-
dues written in bold. (c) Schematic representations
of GST–CDSN fusion proteins. Numbers indi-
cate amino-acid residues. GST is fused to the
N-terminus of each CDSN form. The glycine-
and serine-rich domains are indicated by zigzag
lines. In two forms, the C-terminus (amino-acids
389–529) is replaced by the irrelevant sequence
QSYSTVHKSTGIHRD. Nomenclature and ob-
served molecular mass are indicated on the left.
The epitope recognized by the MoAb G36-19
(amino acids 306–309) is indicated at the top of the
diagram. (d) Full-length and truncated forms of
CDSN purified from bacterial lysates, and immu-
noblotted with a MoAb anti-GST. The position of
molecular mass standards (kDa) is indicated on
the left. In each recombinant CDSN preparation,
several GST-tagged fragments, shorter due to
codon bias, were co-purified with the expected
forms.
748 CAUBET ET AL THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
protease inhibitors, they were always observed whatever
conditions we tested for the protein production. The
fragments probably arose from the codon bias problem. It
is known that in E. coli, efficient production of heterologous
proteins is frequently limited by the availability of some
tRNA species that are less abundant in bacteria than in
other organisms. Indeed, the level of the different tRNAs is
correlated with the preferential usage of their corresponding
codons (Kane, 1995; Nakamura et al, 2000). Frequently,
some tRNA insufficiency leads to an interrupted translation
of recombinant proteins that results in the production
of truncated forms. The derivative BL21-CodonPlus-RIL
(DE3þ ) E. coli strain, containing extra copies of argU, ileY
and leuW tRNA genes and lacking the Lon and the Ompt
protease systems, was used but did not solve the problem.
Unfortunately, no E. coli strains exist carrying extra copies
of rarely used gly and ser tRNA genes.
The adhesive properties of the various recombinant
CDSN forms were analyzed by overlay binding assays on
membranes and by surface plasmon resonance. In the
overlay binding assays, the GST–CDSN60–171 protein,
which contains only the N-terminal glycine loop domain of
CDSN, and the GST used as a control target were resolved
on SDS-PAGE and transferred onto nitrocellulose mem-
branes. The membranes were then incubated with the other
CDSN recombinant forms, used as probes. Binding of the
probes onto the adsorbed targets was specifically revealed
with the MoAb G36-19, which recognizes all the forms
except the targets. The GST–CDSNDCOOH protein was
shown to interact strongly with GST–CDSN60–171, as
strongly as GST–CDSND33, whereas weak or no signals
were observed when GST–CDSND61–171 or GST–CDSND
(61–171/COOH) were used as probes (Fig 2). Furthermore,
GST–CDSNDCOOH but not GST–CDSND(61–171/COOH)
was shown to interact with the GST–CDSND93 fusion
protein, a CDSN form lacking the signal peptide and the
following 30 amino acids, used as target (data not shown).
None of the incubated CDSN forms bound to either the GST
or bovine serum albumin, showing the specificity of the
interactions. These results confirm that the N-terminal
glycine loop domain is sufficient to promote homophilic
interactions, and further indicate that the C-terminus of
CDSN, including most of its C-terminal glycine loop domain,
is not necessary for the adhesive properties of the protein.
CDSN homophilic interactions were confirmed and
kinetic parameters of the interactions were calculated using
surface plasmon resonance on a Biacore 3000 instrument.
Further purification of the recombinant forms, however, was
necessary in order to eliminate the co-purified fragments.
Immunoprecipitation with a serum directed to amino acids
472–486 in the C-terminal region of CDSN failed to eliminate
most of the fragments because they still retained adhesive
properties and co-immunoprecipitated with the full-length
recombinant CDSN (data not shown). Thus, we used SDS-
PAGE as a preparative purification tool. Purity of the
proteins was checked by electrophoresis and immunoblot-
ting (Fig 3a), and adhesive properties by overlay binding
assays, as described above (data not shown). Surface
plasmon resonance confirmed the homophilic association
of GST–CDSND33 and showed a typical concentration-
dependent response curve between 9 and 144 nM (Fig 3b).
The complexes formed spontaneously dissociated from the
surface at the end of the injection, the binding curves
returning to baseline. Calculation of rate constants yielded
a KD of 11.3 mM (kon and koff of 1.11  103  2.81 per M
per s and 1.26  102  4.05  105 per s (means  SEM),
respectively). This interaction strength is similar to either the
interactions reported between the extracellular domains of
two desmosomal cadherins, desmoglein 2 and desmocollin
2 (KD of 23.4 mM, as determined using surface plasmon
resonance), or to the homo-dimerization of desmocollin 2
(KD of 4.2 mM, as determined using sedimentation equili-
brium; Syed et al, 2002). Moreover, the affinity of the CDSN–
CDSN interaction is higher than that observed for classical
cadherins (around 100–200 mM; Baumgartner et al, 2000).
The interaction, however, is rather weaker as compared to
the binding of erbin to plakophilin-4 (KD¼88 nM; Jaulin-
Bastard et al, 2002) or the binding of tight junction protein
ZO-3 to claudin-1 (KD¼18 nM; Itoh et al, 1999). The relative
weakness of the CDSN interactions can be attributed to a
relatively high koff, as compared for instance to the
dissociation of interleukin-1 from its receptor (around 104
per s; Van der Merwe and Barclay, 1994) or a-catenin from
the vinculin head (8  104 per s; Weiss et al, 1998).
Interactions between the immobilized GST–CDSND33
and the various truncated CDSN forms, used as analytes,
were then tested over the same concentration range. Clear
interactions were observed between GST–CDSND33 and
GST–CDSNDCOOH (Fig 3c; 700 RU (resonance units) at
144 nM). The interactions were concentration-dependent
(data not shown) with KD values of 7.3 mM, of the same
Figure2
The N-terminal glycine loop domain of CDSN is sufficient to
promote homophilic interactions. GST–CDSN60–171 or GSTalone (1
mg per lane) were separated by SDS-PAGE and transferred onto a
nitrocellulose membrane. The membranes were incubated for 1 h with
buffer alone (-), or with the different GST–CDSN recombinant forms
indicated on the top, diluted to 50 mg per mL. Proteins interacting with
the transferred targets were specifically revealed with the anti-CDSN
MoAb G36–19 that did not recognize the targets. On the right of the
figure, the transferred GST–CDSN60–171 and GST were visualized with
an anti-GST MoAb. The position of molecular mass standards (kDa) is
indicated on the left.
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order of size as that calculated above. A clear but lower
interaction was also observed between GST–CDSND33 and
GST–CDSN60–171 (Fig 3c; 190 RU at 144 nM). Consistent
with the absence or low membrane-overlay fixation of
CDSN forms deleted of the N-terminal domain (Fig 2; Jonca
et al, 2002), a very weak interaction (28 RU) was observed
between GST–CDSND33 and GST–CDSND61–171 (Fig 3c)
and no interactions were obtained using GST–CDSND(61–
171/COOH) as the analyte (data not shown). These results
confirm that the N-terminal glycine loop domain of CDSN is
crucial for its homophilic interactions, whereas its putative
C-terminal glycine loop domain seems to only contribute
to the interactions weakly or not at all. In addition, the
difference between the GST–CDSNDCOOH and the GST–
CDSN60–171 responses (700 vs 190 RU) suggests a role for
the central region (amino acids 172–388) in the adhesive
properties of CDSN. It could display binding properties by
itself, but only in the presence of the N-terminal loop
domain since the central domain alone was not observed
to promote association, either in vitro (GST–CDSND(61–
171/COOH) analyzed using surface plasmon resonance)
or in vivo (Simon et al, 2001). More probably, it could
cooperatively stabilize the N-terminal interactions, e.g., by
maintaining a proper conformation of the loops.
CDSN forms large homo-oligomers, as estimated by
molecular ﬁltration Molecular filtration constituted a
powerful technique to assess the dimeric or multimeric
nature of CDSN association. The Superose 12 column used
allowed the separation of proteins with a molecular mass
between 500 and 25 kDa. The 28 kDa GST, used as a
control, was eluted in a single peak as a protein of 50 kDa,
revealing its dimerization (data not shown). All the results
were interpreted taking into account this basal interaction.
When GST–CDSND33, purified on glutathione sephar-
ose, was analyzed by gel filtration under native conditions,
the elution profile mainly consisted of two peaks (Fig 4a).
The full-length form, with an apparent molecular weight of
76,000 after SDS-PAGE, was eluted in the first peak, with,
most fragments of 45–70,000 and part of the shorter
fragments of 40,000. Eluted close to the void volume, they
formed large molecular complexes with an estimated
molecular mass higher than 500 kDa. The remaining shorter
fragments were eluted later, constituting the second peak.
These findings provide the first evidence that CDSN is
engaged in homo-multimerization, the molecular mass of
the complex corresponding to at least three subunits. In an
attempt to disrupt the complex and evaluate the association
strength, GST–CDSND33 was dialyzed against 8 M urea
and analysed by gel filtration on the same column
previously calibrated and equilibrated in 8 M urea-contain-
ing buffer (Fig 4b). In these conditions, most of the GST–
CDSND33 protein fragments were shifted to the second
peak, showing their dissociation. The full-length form and
the largest fragments, however, remained eluted in the first
peak as a large complex. Similar results were obtained
when we used 6 M guanidine-HCl to dissociate GST–
CDSND33 complexes (data not shown). The fact that
denaturing conditions led to only partial oligomer disruption
attests to the relative stability of the complex.
The N-terminal glycine loop domain of CDSN is
sufﬁcient to promote oligomerization When GST–
CDSND60–171 was analyzed by gel filtration in native
conditions, the chromatogram showed the complete ab-
sence of a peak just behind the void volume (Fig 4c).
Immunodetection indicated that the full-length and the
different co-purified fragments were eluted progressively
as a function of their decreasing molecular mass. This
Figure 3
Surface plasmon resonance analysis confirms
CDSN homophilic binding. (a) Purification of
the entire recombinant CDSN forms. The different
CDSN forms, as indicated at the top, were
separated by SDS-PAGE and immunodetected by
an anti-GST MoAb before (lanes 1) and after
purification and dialysis (lanes 2). (b) Concen-
tration-dependent CDSN homophilic interactions
analyzed by surface plasmon resonance. GST–
CDSND33 and GST were immobilized on different
flowchannelsofaCM5sensorchip.GST–CDSND33
was injected at concentrations ranging from 9 to
144 nM on the immobilized proteins. The binding
was expressed in resonance units (RU) versus
time, after subtraction of the non-specific binding
to GST. Arrows represent the beginning and the
end of sample injections. (c) Deletion of the N-
terminal glycine loop domain abolished binding to
GST–CDSND33. Recombinants GST–CDSND33,
GST–CDSND61–171, GST–CDSNDCOOH, and
GST–CDSN60–171 were injected as analytes at a
concentration of 144 nM on the immobilized GST–
CDSND33. Sensorgrams were normalized accord-
ing to the molecular mass of each CDSN form.
Arrows represent the starting point and the end of
sample injections.
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indicates that the recombinant CDSN form deleted of the N-
terminal glycine loop domain was unable to become
organized into multimers. Therefore, the N-terminal glycine
loop domain is not only necessary for the adhesive pro-
perties of CDSN but also for its oligomerization.
When GST–CDSN60–171 was analyzed, the chromato-
gram obtained was very similar to that obtained with GST–
CDSND33 (Fig 4d ). Whereas the full-length GST–CDSN60–
171 presents an apparent molecular mass of 40 kDa after
SDS-PAGE, it was eluted in the first peak as a large
molecular complex with an apparent size of 500 kDa. This
indicates that the N-terminal glycine loop domain alone is
able to form large complexes engaging at least six
monomers. Interestingly, co-purified fragments were found
Figure 4
CDSN forms large homo-oligomers: involvement of the N-terminal glycine loop domain. Full-length and truncated forms of CDSN, purified on
glutathione sepharose as shown in Fig 1d, were analyzed by size exclusion chromatography on a Superose 12 column. Protein elution was detected
by measuring the absorbance at 280 nm (A280). The void volume (Vo) of the column and the elution fractions of the following protein standards—
ferritin (445 kDa), aldolase (158 kDa), bovine serum albumin (66 kDa), and chymotrypsinogen (25 kDa)—were indicated by arrowheads. The
indicated fractions were analyzed by immunoblotting using an anti–GST MoAb. GST–CDSND33 was analyzed in native conditions (a) and in
denaturing conditions in the presence of 8 M urea (b). GST–CDSND61–171 (c) and GST–CDSN60–171 (d) were analyzed in native conditions.
CDSN HOMO-OLIGOMERIZATION 751122 : 3 MARCH 2004
not to be associated with the full-length GST–CDSN60–171.
As they correspond to the N-terminal glycine loop domain
more or less truncated from its C-terminal extremity, this
suggests that the entire domain is necessary to provide
oligomerization and adhesive properties.
When GST–CDSNDCOOH was analyzed, the full-length
form, as well as its co-purified fragments, was also eluted in
a peak corresponding to a 500 kDa complex (data not
shown). Therefore, deletion of most of the hypothetical
C-terminal glycine loop domain does not affect multimer
formation, confirming that it is required for neither the CDSN
homophilic interactions nor its oligomerization, at least
in vitro.
As a whole, the results described here confirm that the
N-terminal glycine loop domain of CDSN displays adhesive
properties, strongly suggest that CDSN is able to engage in
homo-oligomers, and evidence the necessity of this domain
for CDSN oligomerization. The central region of the mole-
cule may also be important in stabilizing the interactions,
but this assumption remains to be experimentally con-
firmed. Since these results were obtained using unglycosy-
lated recombinant CDSN forms whereas epidermal CDSN is
a glycoprotein, we cannot exclude the fact that the
carbohydrate moieties modify CDSN properties in vivo,
i.e., affinity of binding and/or oligomerization. This will be
investigated in future work using a glycosylated recombi-
nant form of CDSN produced by the human embryonic
EBNA-293 cell line, and shown to bind GST–CDSND33 in
overlay binding assays (unpublished preliminary data).
Moreover, cis- and trans-interactions of either desmosomal
or classical cadherins were consistently observed in vitro
using unglycosylated E. coli-expressed proteins, as well as
in various in vivo models (Chitaev et al, 1997; Haussinger
et al, 2002; Syed et al, 2002). These data support the idea
that the CDSN binding mode described here really occurs
in vivo. The moderate CDSN interaction strength in the
micromolar range deduced from our experiments suggests
a transient oligomerization, reinforcing the model previously
proposed (Steinert et al, 1991). Considering the location of
CDSN in the extracellular part of corneodesmosomes, such
interactions could reinforce corneocyte adhesion and
stratum corneum cohesion, but respect the elastic proper-
ties of the epidermis, glycine loops being able to disrupt and
to re-form reversibly. If this is true, CDSN would be a
member of a new superfamily of glycine- and/or serine-rich
proteins with elastic properties. This family includes pro-
teins of calcium-carbonate-containing sea urchin skeletal
elements and mollusc shell and pearls, which have been
proposed to undergo reversible unfolding and refolding
under force extension, thereby conferring fracture-resistant
properties to mineralized structures (Shen, 1997; Wustman
et al, 2002). Bombyx mori silk sericin, protein glue that
ensures the cohesion of the cocoon threads, and cuticle
proteins may also belong to this family (Smith et al, 1999;
Altman et al, 2003).
Several genetic approaches have emphasized the great
importance of CDSN in epidermis physiology. Indeed, the
CDSN gene, located in PSORS1, the major susceptibility
locus for psoriasis type I, is a strong candidate for this
disease (Allen et al, 1999; Jenish et al, 1999; Tazi-Anhini
et al, 1999; Orru et al, 2002; Capon et al, 2003). Particular
psoriasis-associated polymorphisms encoding variants of
the glycine loops may alter CDSN adhesive properties and
be involved in the pathophysiology of the disease. More-
over, nonsense mutations in the CDSN gene cause hypo-
trichosis simplex of the scalp, an autosomal dominant form
of alopecia. Interestingly, the described mutations lead to
the expression of a truncated CDSN form, which practically
corresponds to the N-terminal glycine loop domain. In
patients, aggregates of this form, suspected to be toxic,
have been observed in the dermis (Levy-Nissenbaum et al,
2003). In agreement, we show that GST–CDSN60–171 is
able to form hexamers in vitro.
Further research into the functions of CDSN and its
involvement in various pathogenic processes will be
necessary for a better understanding of the physiology of
stratum corneum and its disorders in dermatological
diseases.
Materials and Methods
Construction of expression vectors Plasmids pGEX-CDSND33
encoding glutathione S-transferase (GST) fused to CDSN amino
acids 34–529, pGEX-CDSND61–171 encoding GST fused to CDSN
amino acids 34–60/172–529, and pGEX-CDSN60–171 encoding
GST fused to amino acids 60–171 (corresponding to the N-terminal
glycine loop domain of CDSN) were produced as previously
described (Jonca et al, 2002). Plasmids pGEX-CDSNDCOOH and
pGEX-CDSND(61171,COOH) were produced by digestion with
StyI of pGEX-CDSND33 and pGEX-CDSND61–171, respectively.
Plasmid pGEX-CDSNDCOOH encodes GST fused to CDSN amino
acids 34–388, a frame shift due to the sub-cloning replacing CDSN
amino acids 389–529 by the following amino acids: QSYSTVHKST-
GIHRD. Plasmid pGEX-CDSND(61171,COOH) encodes a protein
corresponding to CDSNDCOOH further deleted of amino acids 61–
171. Each plasmid insert was verified by sequencing.
Protein puriﬁcation The Escherichia coli strain BL21-Codon Plus
(DE3þ )-RIL (Stratagene, La Jolla, California) was transformed with
the various recombinant expression plasmids. Bacteria were
grown in 2-YT broth medium (Gibco Invitrogen Corporation,
Carlsbad, California) supplemented with glucose (5%), ampicillin
(50 mg per mL), and chloramphenicol (34 mg per mL). Cultures were
incubated at 371C until cell density reached an OD600 nm of 0.6–0.8.
Then, the bacteria were induced to express GST-CDSN forms for 1
h by the addition of 2 mM isopropylthio-b-D-galactoside to the
culture medium. Cultures were centrifuged for 10 min at 6000  g
and the bacterial pellet was placed overnight at 201C. Recombi-
nant proteins were extracted with B-Per extraction buffer (Pierce,
Rockford, Illinois) and affinity purified from bacterial lysates using
Glutathione Sepharose 4B (Amersham Bioscience, Buckingham-
shire, UK). Protein expression was verified by SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and immunodetection as de-
scribed below.
Protein electrophoresis and immunodetection Proteins were
separated by SDS-PAGE on 10% acrylamide gel. After electro-
phoresis, they were electrotransferred onto nitrocellulose mem-
branes and stained with Ponceau red. Membranes were probed
with antibodies as previously described (Simon et al, 1997).
Monoclonal antibodies (MoAbs) G36-19 (anti-CDSN; Serre et al,
1991) and anti-GST (Pierce) were used at 0.1 mg per mL. They
were detected with peroxidase-conjugated goat anti-mouse IgG
(Zymed, South San Francisco, California) diluted to 1/10,000.
Immunoreactivities were revealed with the ECL western blotting kit
(Amersham Bioscience, Buckinghamshire, UK).
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Overlay binding assays Overlay binding assays were performed
as previously described (Jonca et al, 2002). GST and GST–
CDSN60–171 were separated by SDS-PAGE and transferred onto
nitrocellulose membranes. The membranes were incubated for 1 h
at room temperature with buffer alone, or with the different GST–
CDSN recombinant forms diluted to 50 mg per mL. Proteins either
transferred to or bound to the membranes were specifically
revealed with the MoAbs anti-GST or G36-19, respectively, both
used at 0.1 mg per mL.
Puriﬁcation from SDS gels Recombinant proteins were sepa-
rated by SDS-PAGE. Gels were washed briefly in deionized water
and stained for 1 min in Coomassie blue diluted in water. The
bands showing the expected molecular size were cut off into 3 mm
gel pieces. Proteins were eluted overnight at 4 1C with mechanical
agitation in 500 mL of the extraction buffer containing 0.02% SDS,
5 mM DTT, 150 mM NaCl, 50 mM Tris–HCl (pH 7.4), and 5 mL of a
protease inhibitor cocktail (Sigma, St Louis, Missouri). The mixture
was centrifuged briefly to pellet the crumbled gel. The supernatant
was then concentrated about 4- to 5-fold using Y-30 centricons
(Amicon, Bedford, Massachusetts). Removal of SDS from solutions
was then performed using SDS-OUT sodium dodecyl sulfate
precipitation reagent (Pierce) and centrifugation for 10 min at
10,000  g. Finally, the purified proteins were dialyzed overnight at
41C against PBS.
Surface plasmon resonance analysis Surface plasmon reso-
nance measurements were carried out at 251C using a Biacore
3000 apparatus (Biacore AB, Uppsala, Sweden). GST and GST–
CDSND33 were immobilized on separate channels of a CM5
sensor chip (approximately 14 ng per mm2) using traditional amine-
coupling chemistry (Jonhsson et al, 1991). After purification from
SDS-PAGE, the various GST–CDSN forms used as analytes were
diluted in HBS running buffer (10 mM HEPES, 150 mM NaCl, 3 mM
EDTA, and 0.005% polysorbate, pH 7.4) at increasing concentra-
tions from 9 to 144 nM. Injections were performed at a flow rate of
10 mL per min. The interaction rate on GST was subtracted from
that detected on GST–CDSND33. The affinity constants of
interactions between the immobilized GST–CDSND33 and each
injected GST–CDSN form were determined from the association
and dissociation curves (sensorgrams) with BIAevaluation version
3.1 software (Biacore AB). Surface sensor chip regeneration was
achieved by pulses of HBS running buffer.
Size exclusion chromatography Gel filtration chromatography
was carried out on a Superose 12 column (i.d.: 16 mm; h: 60 cm,
125 mL, Amersham Bioscience) monitored by an FPLC system.
The column pore size allowed fractionation of proteins with a
molecular mass from 10 to 500 kDa. Before separation, the column
was extensively washed and equilibrated in PBS. The column was
calibrated with the following standards: ferritin (Mr  445,000),
aldolase (Mr  158,000), bovine serum albumin (Mr  66,000),
chymotrypsinogen (Mr  25,000). The void volume (Vo) was
determined using blue dextran (Mr  2,000,000). For analysis,
200 mL of each GST–CDSN form (1 mg per mL), previously purified
by affinity-chromatography, was injected at a flow rate of 0.5 mL
per min. Protein elution was monitored by recording the absor-
bance at 280 nm. Fractions (1 mL) were collected 50 min after
injection. When the analysis was performed under denaturing
conditions, the CDSN recombinant form was dialyzed in 8 M urea
before being injected onto the column which had been calibrated
and equilibrated in the same buffer. In all filtration experiments,
collected fractions were analyzed by SDS-PAGE and immunode-
tected by the MoAb anti-GST, as described above.
C. Caubet was the recipient of a grant from the French Ministry of
Research and Technology. N. Jonca was supported by a postdoctoral
fellowship from the Fondation pour la Recherche Me´dicale. The
technical assistance of C. Pons is gratefully acknowledged. We
sincerely thank Dr Marina Guerrin-Weber for helpful discussions and
a critical reading of the manuscript. This study was supported in part
by grants from INSERM (U563) and the University Paul Sabatier-
Toulouse III.
DOI: 10.1111/j.0022-202X.2004.22331.x
Manuscript received July 22, 2003; revised September 9, 2003;
accepted for publication September 30, 2003
Address correspondence to: Dr Guy Serre, Laboratoire de Biologie
Cellulaire et Cytologie, CHU Purpan, Place du Dr Baylac, 31059
Toulouse cedex, France. Email: serre.g@chu-toulouse.fr
References
Allen MH, Veal C, Faassen A, Powis SH, Vaughan RW, Trembath RC, Barker JN: A
non-HLA gene within the MHC in psoriasis. Lancet 8:1589–1590, 1999
Altman GH, Diaz F, Jakuba C, et al: Silk-based biomaterials. Biomaterials 24:
401–416, 2003
Baumgartner W, Hinterdorfer P, Ness W, Raab A, Vestweber D, Schindler H,
Drenckhahn D: Cadherin interaction probed by atomic force microscopy.
Proc Natl Acad Sci USA 97:4005–4010, 2000
Burdett IDJ: Aspects of the structure and assembly of desmosomes. Micron
29:309–328, 1998
Capon F, Toal IK, Evans JC, et al: Haplotype analysis of distantly related
populations implicates corneodesmosin in psoriasis susceptibility. J Med
Genet 40:447–452, 2003
Chitaev NA, Troyanovsky SM: Direct Ca2þ -dependant heterophilic interaction
between desmosomal cadherins, desmoglein and desmocollin, contri-
butes to cell–cell adhesion. J Cell Biol 138:193–201, 1997
Garrod DR, Merrit AJ, Nie Z: Desmosomal cadherins. Curr Opin Cell Biol 14:
537–545, 2002
Green KJ, Gaudry CA: Are desmosomes more than tethers for intermediate
filaments? Mol Cell Biol 1:209–216, 2000
Guerrin M, Simon M, Monte´zin M, Haftek M, Vincent C, Serre G: Expression
cloning of human corneodesmosin proves its identity with the product of
the S gene and allows improved characterization of its processing during
keratinocyte differentiation. J Biol Chem 273:22640–22647, 1998
Haftek M, Serre G, Mils V, Thivolet J: Immunocytochemical evidence for a
possible role of cross-linked keratinocyte envelopes in stratum corneum
cohesion. J Histochem Cytochem 39:1531–1538, 1991
Haussinger D, Ahrens T, Sass HJ, Pertz O, Engel J, Grzesiek S: Calcium-
dependent homoassociation of E-cadherin by NMR spectroscopy:
Changes in mobility, conformation and mapping of contact regions. J
Mol Biol 324:823–839, 2002
Holbrook KA: In: Leigh IM, Lane EB, Watt FM (eds). The Keratinocyte Handbook.
‘‘Ultrastructure of the Epidermis.’’ Cambridge: Cambridge University
Press, 1994; p 3–39
Ishii K, Green KJ: Cadherin function: Breaking the barrier. Curr Biol 11:R569–
R572, 2001
Itoh M, Furuse M, Morita K, Kubota K, Saitou M, Tsukita S: Direct binding of three
tight junction-associated MAGUKs, ZO-1, ZO-2, and ZO-3, with the
COOH termini of claudins. J Cell Biol 147:1351–1363, 1999
Jaulin-Bastard F, Arsanto J-P, Le Bivic A, et al: Interaction between erbin and a
catenin-related protein in epithelial cells. J Biol Chem 277:2869–2875,
2002
Jenisch S, Koch S, Henseler T, et al: Corneodesmosin gene polymorphism
demonstrates strong linkage disequilibrium with HLA and association
with psoriasis vulgaris. Tissue Antigens 54:439–449, 1999
Jonhsson B, Lofas S, Lidquist G, et al: Immobilization of proteins to a
carboxymethyldextran-modified gold surface for biospecific interaction
analysis in surface plasmon resonance sensors. Anal Biochem 198:
268–277, 1991
Jonca N, Guerrin M, Hadjiolova K, Caubet C, Gallinaro H, Simon M, Serre G:
Corneodesmosin, a component of epidermal corneocyte desmosomes,
displays homophilic adhesive properties. J Biol Chem 277:5024–5029, 2002
Kane JF: Effects of rare codon clusters on high-level expression of heterologous
proteins in Escherichia coli. Curr Opin Biotechnol 6:494–500, 1995
Kowalczyk AP, Bornslaeger EA, Norvell SM, Palka HL, Green KJ: Desmosomes:
Intercellular adhesive junctions specialized for attachment of intermediate
filaments. Int Rev Cytol 185:237–302, 1999
Levy-Nissenbaum E, Betz R, Frydman M, et al: Hypotrichosis simplex of the
scalp is associated with nonsense mutations in CDSN encoding
corneodesmosin. Nat Genet 34:151–153, 2003
Lundstro¨m A, Serre G, Haftek M, Egelrud T: Evidence for a role of
corneodesmosin, a protein which may serve to modify desmosomes
CDSN HOMO-OLIGOMERIZATION 753122 : 3 MARCH 2004
during cornification, in stratum corneum cell cohesion and desquamation.
Arch Dermatol Res 286:369–375, 1994
Maestrini E, Monaco AP, McGrath JA, et al: A molecular defect in loricrin, the
major component of the cornified cell envelope, underlies Vohwinkel’s
syndrome. Nat Genet 13:70–77, 1996
Nakamura Y, Gojobori T, Ikemura T: Codon usage tabulated from the international
DNA sequence databases, status for the year 2000. Nucleic Acids Res
28:292, 2000
Orru S, Giuressi E, Casula M, et al: Psoriasis is associated with a SNP haplotype
of the corneodesmosin gene (CDSN). Tissue Antigens 60:292–298, 2002
Roop D: Defects in the barrier. Science 267:474–475, 1995
Serre G, Mils V, Haftek M, et al: Identification of late differentiation antigens of
human cornified epithelia, expressed in re-organized desmosomes and
bound to cross-linked envelope. J Invest Dermatol 97:1061–1072, 1991
Shen X, Belcher AM, Hansma PK, Stucky GD, Morse DE: Molecular cloning and
characterization of lustrin A, a matrix protein from shell and pearl nacre of
Haliotis rufescens. J Biol Chem 272:32472–32481, 1997
Simon M, Serre G: Corne´odesmosome et cohe´sion inter-corne´ocytaire. In:
Schmitt (ed). Biologie de la peau. Paris: Editions INSERM, 1995; p 17–24
Simon M, Monte´zin M, Guerrin M, Durieux JJ, Serre G: Characterization and
purification of human corneodesmosin, an epidermal basic glycoprotein
associated with corneocyte-specific modified desmosomes. J Biol Chem
272:31770–31776, 1997
Simon M, Jonca N, Guerrin M, et al: Refined characterization of corneodesmosin
proteolysis during terminal differentiation of human epidermis and its
relationship to desquamation. J. Biol Chem 276:20292–20299, 2001
Skerrow CJ, Clelland DG, Skerrow D: Changes to desmosomal antigens and
lectin-binding sites during differentiation in normal human epidermis: A
quantitative ultrastructural study. J Cell Sci 92:667–677, 1989
Smith BL, Scha¨ffer TE, Viani M, et al: Molecular mechanistic origin of the
toughness of natural adhesives, fibres and composites. Nature 399:761–
763, 1999
Sprecher E, Ishida-Yamamoto AM, Marekov L, et al: Evidence for novel functions
of the keratin tail emerging from a mutation causing ichthyosis hystrix. J
Invest Dermatol 116:511–519, 2001
Steinert PM, Mack JW, Korge BP, Gan SQ, Haynes SR, Steven AC: Glycine loops
in proteins: Their occurrence in certain intermediate filament chains,
loricrins and single-stranded RNA binding proteins. Int J Biol Macromol
13:130–139, 1991
Steinert PM: The complexity and redundancy of epithelial barrier function. J Cell
Biol 151:F5–F7, 2000
Syed SE, Trinnaman B, Martin S, Hutchinson J, Magee AI: Molecular interactions
between desmosomal cadherins. Biochem J 362:317–327, 2002
Tazi-Ahnini R, di Giovine FS, Cox A, Keohane SG, Cork MJ: Corneodesmosin
(MHC S) gene in guttate psoriasis. Lancet 354:597, 1999
Terrinoni A, Puddu P, Didona B, et al: A mutation in the V1 domain of K16 is
responsible for unilateral palmoplantar verrucous nevus. J Invest
Dermatol 114:1136–1140, 2000
Van der Merwe PA, Barclay AN: Transient intercellular adhesion: The importance
of weak protein–protein interactions. Trends Biochem Sci 19:354–358,
1994
Weiss EE, Kroemker M, Rudiger AH, Jockusch BM, Rudiger M: Vinculin is part of
the cadherin–catenin junctional complex: Complex formation between
alpha-catenin and vinculin. J Cell Biol 141:755–764, 1998
Whittock NV, Smith FJ, Wan H, et al: Frameshift mutation in the V2 domain of
human keratin 1 results in striate palmoplantar keratoderma. J Invest
Dermatol 118:838–844, 2002
Wustman BA, Santos R, Zhang B, Evans JS: Identification of a ‘‘glycine-loop’’-like
coiled structure in the 34 AA Pro,Gly,Met repeat domain of the biomineral-
associated protein, PM27. Biopolymers 65:362–372, 2002
754 CAUBET ET AL THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
